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(54) System boot using nand flash memory and method thereof 



(57) A system and method are provided for booting 
a computing device using a NAND flash memory. Boot 
code stored in the NAND flash memory is transferred to 



a RAM for execution by the CPU. Operating system pro- 
gram stored in the NAND flash memory is transferred to 
a system memory for execution therefrom by the CPU 
after system boot. 



Fig. 2 
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Description 

BACKGROUND OF THE INVENTION 



1. Technical Field 

[0001] The present invention 
booting a computing device 
booted using a N AND flash m 
od thereof. 



relates to a system for 
ijnore particularly, a system 
mory and a booting meth- 



2. Discussion of related arl 



pe rsonal 



i programmable 
i logic 



[0002] In every typical 
computing device such as a 
(PDA), a program installed in 
ice (BIOS) is executed when 
on. A number of initialization 
executing the BIOS program 
caliy; checking the CMOS 
loading the interrupt handlers 
izing registers and power 
power- on self test (POST) 
peripherals such as disk 
tings; determining which 
initiating the bootstrap seque 
OS (or booting) program is 
(ROM), an erasable 
(EPROM) oraNOR-type 
[0003] If a booting prog ran 
ROMs are nonvolatile, the 
changed. Any minor changed 
program require replacement 
where a booting program is 
previously stored program 
changes to the stored prograihn 
requires a separate component 
changes or updates needed i 
not be easily performed if 
ROM or an EPROM. In the 
gram is stored in a NOR-logii 
stored program can be 
compared to a NAND-logic 
NOR flash memory is larger 
storage capacity and is more 
[0004] One example of a 
memory storing a BIOS is il 
disclosed in U. S. Patent 
FIG. 1 , a system 10 includes 
bination chip 1 6 in which a 
an internal interface block 1 
controller 11 for controlling 
the system memory 1 9. The 
tral processing unit (CPU) 
performing computing 
14 f and an internalsystem 
the controller 11 . The memo 
a memory map between the 



S etup 



management; 
f for 



; drives 



components ; 



stored i 



3 the 



functions 
i bu 5 
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computer (PC) or 
personal digital assistant 
a basic input/output serv- 
the PC or device is turned 
(unctions are performed by 
These functions are typi- 
for custom settings; 
and device drivers; initial- 
performing the 
installed components or 
; displaying system set- 
are bootable; and 
nee. Conventionally, a Bl- 
in a read only memory 
read only memory 
(NOR) flash memory, 
is stored in a ROM, since 
sjtored program cannot be 
necessary to the stored 
of the ROM. In the case 
stored in an EPROM, the 
be erased if there are 
EPROM erasure further 
or device. As such, any 
the booting program can- 
program is stored in a 
<fase where a booting pro- 
(NOR) flash memory, the 
or updated. However 
(NAND) flash memory, the 
n size for a given memory 
expensive to manufacture, 
system with a NAND flash 
in FIG. 1 , which is 
5 : 535,357. Referring to 
a system bus 17, a corn- 
flash memory 1 B and 
5 are incorporated, and a 
combination chip 1 6 and 
controller 11 can be a cen- 
ich has a CPU core 12 for 
a memory controller 
1 3 which is internal within 
ly controller 14 carries out 
f\ AND flash memory 1 8 and 



nrust I 



the 



eras ed 



ilk strated i 



No 



NANDf 



the system memory 19, and uses the internaf interface 
block 15 for interfacing functions performed according 
to the memory map. The internal interface block 1 5 tem- 
porarily stores data of the NAND flash memory device 
5 in a storage device such as a register or RAM, and trans- 
fers the temporarily stored data to the system memory 
through the system bus 1 7 under control of the memory 
controller 14. 

[0005] The internal interface block 15 includes a 
10 NAND interface logic 28 for interfacing with the NAND 
flash memory 1 8 and a NOR interface logic 29 for inter- 
facing with the system memory 1 9 or memory controller 

14 through system bus 1 7. The NOR interface logic 29 
is circuit conventionally used for interfacing between a 

is NOR flash memory and memory controller and/or sys- 
tem memory. If the flash memory was a NOR flash mem- 
ory, the NAND interface logic 28 would not be needed 
to conform signals from the flash memory to 'NOR inter- 
face manner* (one skilled in the art may refer to this term 

20 as "ROM interface manner"), which is data transfer 
where random access of the memory is possible based 
on an address of a byte/word unit. In contrast, data 
transfer by 'NAND interface manner 1 is not by random 
access . but data of block units is transferred by a block 

25 address and a command. 

[0006] The system 10 transfers data of the NAND 
flash memory 18 to the internal interface block 15 
through the NAND interface logic 28 using the NAND 
interface manner, and transfers the data to the system 

30 memory 19 through the NOR interface logic 29 using 
the NOR interface manner. Since data access from the 
NAND flash memory 18 requires traversing the two- 
stage NAND interface manner and NOR interface man- 
ner, data access speed is compromised. Further, sys- 

35 tern performance rating of such device cannot be opti- 
mal because the time required for accessing a booting 
code stored in the flash memory device by the memory 
controller is one measure of system performance. 
[0007] Moreover, since all data of the NAND flash 

*o memory 1 8 need to be loaded into the internal interface 
block 15 and logic circuit supporting both NAND and 
NOR interfaces is needed, the internal interface block 

15 need to be physically large in size. Accordingly, sys- 
tem 1 0 as shown in Fig. 1 may suffer from high cost and 

45 suboptimal performance rating. 

SUMMARY OF THE INVENTION 

[0008] A system having a CPU core, a system mem- 
50 ory, and an interface for communicating data therebe- 
tween is provided, the system comprising: a NAND flash 
memory for storing at least a boot code; a boot strapper 
for coordinating transfer of control signal to the NAND 
flash memory and receiving the boot code from the 
55 NAND flash memory through the interface; and a RAM 
for storing the boot code accessed from the NAND flash 
memory, wherein booting of the system includes read- 
ing of the boot code from the RAM by the CPU core. 
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Preferably ; the boot code includes a system initialization 
program and a copy instruction program. 
[0009] According to an embodiment of the invention, 
the boot strapper includes a NAND interface logic for 
interfacing the NAND flash memory, and the RAM for 
storing the boot code is integrated into the boot strapper. 
[0010] In an alternative embodiment, the RAM is ex- 
ternal to the boot strapper. 

[0011] The system further Includes a delay for delay- 
ing initialization operations of the CPU core until the boot 
code is stored in the RAM. The delay is implemented by 
the boot strapper and the interface is implemented by a 
memory controller. The memory controller includes a 
NAND interface logic for interfacing the NAND flash 
memory in an NAND intertaoe manner. 
[0012] According to another embodiment of the inven- 
tion, the RAM is a cache memory connected to the CPU 
core through a first local bus. The system further in- 
cludes a wrapper for connecting the boot strapper to the 
cache memory. A second local bus connects the boot 
strapper directly to the cache memory. 
[0013] The system further includes in one embodi- 
ment a memory controller for controlling the NAND flash 
memory and the system memory through the interface 
and a system bus, wherein the interface includes means 
for preventing access of the system bus by the memory 
controller and the boot strapper at the same time. 
[0014] Accordingto anothexembodimenttothe inven- 
tion, a system having a CPU core, a system memory, 
and an interface for communicating data therebetween 
is provided, the system comprising: 

a NAND flash memory for storing an operating 
system program; and a ROM for storing boot code, 
wherein booting of the system includes reading of the 
boot code from the ROM by : the CPU core. Preferably, 
the operating system program is copied to the system 
memory upon initialization; and the CPU executes the 
operating system program by accessing the system 
memory. 

[0015] According to still another embodiment of the 
invention, a system having a. CPU core : a system mem- 
ory, and an interface for communicating data therebe- 
tween is provided; the system comprising: a NAND flash 
memory for storing a boot code; a boot strapper con- 
nected to the NAND flash memory through a system bus 
for receiving the boot code from the NAND flash mem- 
ory, the boot strapper including a RAM for storing the 
boot code, wherein booting of the system includes read- 
ing of the boot code from th$ RAM by the CPU core. 
[0016] In another aspect of the invention, a system 
having a CPU core, a system memory and an interface 
for communicating data therebetween is provided, the 
system comprising: NAND fl&sh memory for storing an 
operating system program; a plurality of coupling pins 
for setting parameters of initialization; and a copy logic 
circuit for causing the copying of the operating system 
program into the system memory upon receipt of a sys- 
tem initialization signal, wherein the CPU core executes 



the operating system program by accessing the system 
memory. 

[0017] In still another aspect of the invention, a 
system having a CPU core, a system memory, and an 

5 interface for communicating data therebetween is pro- 
vided, the system comprising a flash memory for storing 
at least a boot code; a boot strapper for coordinating 
transfer of control signal to the flash memory and receiv- 
ing the boot code from the flash memory through the 

10 interface; first and second memory controllers for selec- 
tively controlling the flash memory; and a selector for 
selecting operation of one of the first and second mem- 
ory controllers depending on the type of flash memory. 
[0018] The flash memory is one of a NOR and a 

'5 NAND flash memory. The first memory controller in- 
cludes a NOR interface logic and the second memory 
controller includes a NAND interface logic. 
[0019] The system preferably further includes a RAM 
for storing the boot code received from the flash mem- 

20 ory, and the selector includes a select pin for selecting 
operation of one of the first and second memory con- 
trollers. 

[0020] According to a method of booting according to 
the present invention, in a computing device having a 

25 CPU core, system memory and memory controller, the 
method comprising the steps of: prestoring boot code in 
a NAND flash memory, receiving a system initializing 
signal, transferring the boot code from the NAND flash 
memory into a RAM, and executing by the CPU core the 

30 boot code stored in the RAM. 

[0021] The method further includes the step of: upon 
receiving the system initializing signal, holding the CPU 
core from execution until the completion of the step of 
transferring the boot code from the NAND-flash memory 

35 into the RAM. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] 



40 



50 



Fig. 1 shows a computing system having a conven- 
tional NAND flesh memory. 
Fig. 2 shows an embodiment of the present inven- 
tion using a boot code storing NAND flash memory. 
Fig. 3 shows a timing diagram of a process of trans- 
ferring boot code from the flash memory. 
Fig. 4 shows another embodiment of a computing 
system according to the present invention. 
Fig. 5 shows another embodiment of a computing 
system according to the present invention. 
Fig. 6 shows another embodiment of a computing 
system according to the present invention. 
Fig. 7 shows another embodiment of a computing 
system according to the present invention. 
Fig. 8 shows another embodiment of a computing 
system according to the present invention. 
Fig. 9 shows another embodiment of a computing 
system according to the present invention. 
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Fig. 10 shows another 
system according to the 
Fig. 11 shows another 
system according to the 
Fig. 12 shows another 
system according to the 
Fig. 13 shows another 
system according to the 
Fig. 14 shows another 
system according to the 
Fig. 15 shows a flow 
transferring boot code 
cording to an embodiment 



embodiment of a computing 

present invention, 
embodiment of a computing 

present invention, 
embodiment of a computing 

Dresent invention, 
embodiment of a computing 

Dresent invention, 
embodiment of a computing 
present invention. 

illustrating the steps of 
the flash memory ac- 
of the present invention. 



' chart 
from 1 



DESCRIPTION OF PREFER RED EM BO PI MENTS 



NAND 



[0023] A system using a 
ing to an embodiment of the 
trated in FIG. 2. 
[0024] Referring to FIG. 2, ■ 
eludes a controller 21 ; a 
memory 18 ( and a system 
system 20 comprises essent 
puting device which can be a 
(PDA) : palm computer laptop 
any system booted by a sy 
(commonly referred to as a 
[0025] The controller 21 ha^ 
nal system bus 1 3, a memory 
per 25, and an interface 27 
embodied in a single semicon 
controls and manages any 
memory 1 8 and system 
system bus 17. 
[0026] The system bus 1 7 
the controller 21 , the NAND 
system memory 19. 
[0027] The NAND flash 
for booting the system 20 : and 
erating system (OS) and othei 
can be Microsoft DOS or 
by controller 21 tor operating 
booting or initializing process 
NAND flash memory 18 car 
code of user storage devices 
and software code for indicat 
tion programs. 

[0026] The system memory 
ic random access memory 
main memory for storing data 
[0029] The CPU core 12 
and operation programs. Th£ 
transfers data to and from the 
the memory controller 14 and 
[0030] According to this 
invention, the boot code is firsl 
memory 1 8 prior to initializing 
code stored in the NAND flash 
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flash memory accord- 
present invention is illus- 

computing system 20 in- 
system bus 17 ; a NAND flash 
memory 19 The computing 
al components of a corn- 
personal digital assistant 
a personal computer, or 
stem- initializing program 
bpot code). 

a CPU core 12, an inter- 
oontrotler 14, a boot strap- 
Trie controller 21 may be 
ductorchip, and generally 
memory, such as NAND flash 
men|iory 19 connected to the 

used for data transfer of 
fjash memory 18, and the 

merjiory 1 8 stores aboot code 
may further store an op- 
program or data. The OS 
WINDOWS, which is executed 
the system 20 after the 
The data stored in the 
also be a configuration 
)ased on user's demands 
ng how to utilize applica- 



19 is preferably a dynam- 
(D^M). which serves as a 
instruction and the like, 
executes the OS, application 
internal system bus 13 
$PU core 1 2 and between 
the boot strapper 25. 
embodiment of the present 
stored in the NAND flash 
Upon initializing, the boot 
memory 1 8 is transferred 
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20 



25 



30 



35 



40 



45 



50 



55 



to an internal RAM 26 in boot strapper 25. A NAND in- 
terface logic 28 interfaces with NAND flash memory 18 
and transfers the boot code stored in the NAND flash 
memory 1 8 to the internal RAM 26. After transfer of the 
boot code is completed, the boot code including system- 
initializing code and copy loop instruction code is exe- 
cuted by the CPU core 12. The system initializing code, 
when executed, initializes the controller 21 . the NAND 
flash memory 21 . the system memory 1 9, and peripheral 
devices. The copy loop instruction code instructs a copy 
of theoperatingsystemorother data stored to be loaded 
into the system memory 19. The size of the operating 
system or other data loaded from the NAND flash mem- 
ory to the internal RAM 26 at any one time may be de- 
termined by a value designated by the boot code, or it 
can be determined by hardware logic in the boot strap- 
per 25. Since the boot strapper 25 need only include 
one NAND interface logic as opposed to both NOR and 
NAND interface logic (see Fig. 1), the boot strapper 25 
is small in size as compared to the interface block 15 of 
FIG. 1 . Further, since the internal RAM 26 need only 
store the boot code, it has a smaller capacitance as 
compared to the interface block 1 5 which stores all data 
of the NAND flash memory 1 8. Thus, the cost of the sys- 
tem 20 according to the invention is advantageously 
lower than that of the system 1 0 of Fig. 1 . 
[0031] The memory controller 14 controls and man- 
ages memory operations including writing the operating 
system or data stored in the NAND flash memory 1 8 to 
the system memory 19 through the system bus 17, or 
reading data from the system memory 19. In such op- 
erations, the memory controller 14 performs memory 
mapping between the NAND flash memory 18 and the 
system memory 1 9. 

[0032] Next, the operation of system 20 in Fig.2 is de- 
scribed. When system 20 is turned on, the boot strapper 
25 receives system-initializing signals (e.g., a power-up 
signal and a system reset signal), and transfers the boot 
code stored in the NAND flash memory 1 8 to the system 
memory 1 9. While the boot code is being transferred to 
the internal RAM 26, the boot strapper 25 generates a 
control signal for holding the operation of the CPU core 

12. After the transfer of the boot code is completed, the 
control signal is reset and the CPU core 12 is activated 
and executes "the post-booting operation". 
[0033] Alternatively,^ delay (not shown) within con- 
troller 21 may be used to hold operations of the CPU 
core 12. For example, system- initializing signals (e.g., 
a power-up signal and a system reset signal) are simul- 
taneously applied to the boot strapper 25 and the delay 
connected to the CPU core 1 2. The arrival of the system- 
initializing signal is delayed until after the boot code is 
transferred from the NAND flash memory 18 to the in- 
ternal RAM 26. The delay can be implemented either by 
delay circuit or software. Thus, the delay is set to delay 
an amount of time substantially equal to or slightly great- 
er than the time required for such boot code transfer. 
[0034] Upon activation of the CPU core 12, the boot 
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code stored in the internal RAM 26 is executed. By ex- 
ecuting the system initializing code in the boot code, 
hardwares of the system 20 are initialized. By executing 
the copy loop instruction code in the boot code, the CPU 
core 1 2 reads out other data or programs such as the 
operating system stored in the NAND flash memory 1 8. 
This is preferably performed through the interface 27 
and the NAND interface logic 28 of the boot strapper 25 
by the unit of a page. Thereafter, the CPU core 1 2 copies 
the read-out other data or programs such as the oper- 
ating system to the system memory 19, through the 
memory controller 14 and the interface 27. After the 
copy operation of other data or programs such as the 
operating system is completed, the operating system is 
executed. Thus, when the booting process is complet- 
ed, the system 20 is driven by the operating system from 
the system memory 19. 

[0035] According to this embodiment of the present 
invention, the booting process performed by firsl copy- 
ing the boot code stored in the NAND flash memory 1 8 
to the internal RAM 26 and then transferring the oper- 
ating system to system memory 1 9 is accomplished with 
a single stage NAND interface. A faster booting speed 
is realized when compared to the two-step interface 
manners (i.e., the NAND interface mannerandthe NOR 
interface manner) as seen in the system such as in Fig. 
1. 

[0036] The process of reading out a boot code stored 
in a NAND flash memory by the boot strapper 25 and 
transferring the read-out boot code to the internal RAM 
26 will be described below more fully with reference to 
FIG. 2 and FIG. 3. FIG. 3 illustrates a timing diagram 
when a boot code is read out from a NAND flash memory 
according to a preferred embodiment of the present in- 
vention. 

[0037] The boot strapper 25 outputs control signals 
(e.g., CLE, ALE, CE, WE, RjE, and R/B) to read out a 
boot code stored in a NAND flash memory in response 
to a system-initializing signal. A read command is gen- 
erated at OOh with addresses ad0 : ad1 , and ad2. The 
system-initializing signal includes a power-up signal 
(generated when a system is powered up); a system re- 
set signal or a re-reset signal. 
[0038] The command latch enable signal (CLE) is ac- 
tivated when a predetermined command is inputted to 

the NAND flash memory 18. The address latch enable 
signal (ALE) is activated when a predetermined address 
is inputted to the NAND flash memory 18. 
[0039] The NAND flash memory 1 8 receives the read 
command OOh via the system bus 1 7 in response to an 
active (e.g., logic 'high') command latch enable signal 
(CLE) : an active (e.g., logic low') chip enable signal 
(CE#), and an active write enable signal (WE#). Here 
"# M means an active low state. 

[0040] Also the NAND flash memory 18 receives an 
address via the system bus 17 in response to an active 
address latch enable signal (ALE), an active chip enable 
signal (CE#), and an active write enable signal (WE#). 



The number of the generated addresses can be set ac- 
cording to a NAND flash memory address step select 
signal. 

[0041 ] According to this embodiment of the invention , 
5 a 3-step addressing of the NAND flash memory 18 is 
shown in FIG. 3, but one skilled in the art can readily 
appreciate that the addressing process is not limited 
thereto and three or higher number of steps addressing 
may be used by the NAND flash memory address step 
10 select signal. 

[0042] According to the present embodiment, the boot 
strapper 25 generates the read command OOh to read 
out the boot code stored in the NAND flash memory 18, 
and then generates the addresses adO, ad1 : and ad2. 
is The stored boot code is read out by the unit of page in 
response to the read command OOh and the addresses 
adO, ad1 , and ad2. The data read is temporarily stored 
in an internal buffer (not shown) of the NAND flash mem- 
ory 18. 

20 [0043] Upon an active logic ('low') of a ready/busy sig- 
nal R/B#, the copy operation of the data (e.g., boot code) 
to the internal buffer is completed. Upon an inactive logic 
('high') of the read/busy signal R/B#, the copy operation 
of the data (boot code; here DO, D1 ; D2, and D3) is not 

£5 completed. Upon activation of the read enable signal 
RE#, the data DO, D1 , D2 : and D3 stored in the internal 
buffer is transferred to the system bus 17. Thereafter, 
the data DO, D1 . D2, and D3 on the system bus 17 is 
transferred to the internal RAM 26. 

30 [0044] According to a preferred embodiment of the 
present invention, the boot strapper 25 causes a hold 
or delay in the operation of the CPUcore 12 in response 
to the system initializing signal and concurrently out- 
puts the control signals such as CE#, CLE, ALE : WE#, 

35 re#, and R/B# to the NAND flash memory 1 8 preferably 
through the NAND interface logic 28 and the interface 
27. Data read from the NAND flash memory 1 8 is trans- 
ferred to the boot strapper 25 through the NAND inter- 
face logic 28 and the interface 27 in response to control 

40 signals such as CE#, CLE, ALE. WE#, RE#, and R/B#. 
The boot strapper 25 stores the boot code in the internal 
RAM 26, and then releases the hold on the CPU 12. 
Alternatively, the CPU core is delayed for a time duration 
greater than the time required for storing the boot code 

^5 jn the internal RAM 26. The delay can be an adjustable 

timer. Thus, while the CPU core 1 2 is held, the boot code 
stored in the NAND flash memory 18 has transferred to 
the internal RAM 26. 

[0045] Thereafter, executing the system initializing 
50 code in the boot code loaded in the internal RAM 26 
causes the hardwares of the system 20 to be initialized. 
And by executing a copy loop instruction code in the 
boot code, the CPU core 12 causes the transfer of the 
operating system from the NAND flash memory 18 to 
55 the system memory 1 9, preferably through the memory 
controller 14 and the interface 27. Multiplexing or data 
selection circuitry (not shown) in interface 27 multiplex- 
es access to the system bus 1 7, thereby preventing ac- 
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tie ! 



f the 



1 the 



the i 



cess of the system bus 1 7 by 
and the boot strapper 25 at 
[0046] After the copy of 
system memory 19 is completed, 
is executed from the system 
20 is driven therefrom. 
[0047] A second embodiment 
the NAND flash memory 
illustrated in FIG. 4. According 
internal RAM 33 is placed 
32. Access to the internal RAI^I 
32 is preferably via internal 
the operations of data transjfer 
memory 1 8 are the same as 
[0048] According to a third 
tern using the NAND flash 
present invention, which is ill 
to an internal RAM 33 from 
erably through a private bus 
tions of data transfer from th< 
are the same as previously 
private bus 34 for loading to 
es the amount of time needed 
from the NAND flash 
system performance. 
[0049] A fourth embodiment 
the NAND flash memory 
illustrated in FIG. 6. A systerjn 
controller 51 , a NAND flash 
1 7, and a system memory 1 9 
[0050] The controller 51 
a CPU core 1 2, an internal 
nal RAM 53 and a 
interface logic 28. As shown 
53 is within the boot strappei 
53 can also be placed external 
as in Fig. 4 and Fig. 5 
the memory controller 54 is 
memory 1 9 and to directly 
ory 1 8. Thus, the memory con^ro 
embodiment is capable of 
viously performed by interfacje 
FIG. 2. 

[0051] The boot strapper 5; 
CPU core 12 in response to a 
and concurrently reads out 
NAND flash memory 1 8 through 
13 using a NAND interface m 
face logic 28. Afterwards, the 
read-out boot code to the inteijnal 
initializing signal is a signal 
power-on signal or a reset sidnal 
[0052] By executing a systtsm 
boot code, hardwares of the 
And by executing a copy 
boot code, the CPU core 12 
tern stored in the NAND flash 
memory controller 54, and lo$ds 



the memory controller 14 
same time. 

operating system to the 
L the operating system 
rhemory 1 9 and the system 



of a boot system using 
according to the invention is 
to this embodiment the 
outside of the boot strapper 
33 from the boot strapper 
system bus 13; otherwise 
from the NAND flash 
previously described, 
embodiment of a boot sys- 
i memory according to the 
jstrated in FIG. 5 ; access 
boot strapper 32 is pref- 
34; otherwise, the opera- 
i NAND flash memory 18 
described. The use of the 
internal RAM 33 reduc- 
to transfer the boot code 
18 ; thereby improving 
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memory 



of a boot system using 
according to the invention is 
50 of FIG. 6 includes a 
rhemory 18 : a system bus 
9 

int ludes a boot strapper 52, 
system bus 13, and an inter- 
memory co itroller 54 having a NAND 
i Fig. 6, the internal RAM 
52, but the internal RAM 
to the boot strapper 52 ; 
According to this embodiment 
to control the system 
the NAND flash mem- 
ller 54 according to this 
performing the functions pre- 
27 which are shown in 



used I 



f access 



holds an operation of the 
system initializing signal, 
boot code stored in the 
the internal system bus 
anner by the NAND inter- 
boot strapper 52 loads the 
RAM 53. The system- 
generated in response to a 



initializing code in the 
system 20 are initialized, 
instruction code in the 
out an operating sys- 
memory 18 through the 
the operating system 



reads 
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into the system memory 19. After the copy of the oper- 
ating system to the system memory 1 9 is completed, the 
operating system is executed to from the system mem- 
ory 19. 

[0053] A fifth embodiment of a boot system using the 
NAND flash memory according to the present invention 
is illustrated in FIG. 7. A controller 61 includes a CPU 
core 12, a boot strapper 62, an internal system bus 13, 
a memory controller 54, and an internal RAM 63. It is 
noted that the internal RAM 63 is placed outside of the 
boot strapper 62. 

[0054] The boot strapper 62 holds an operation of the 
CPU core 12 in response to a system initializing signal, 
and concurrently reads out a boot code stored in the 
NAND flash memory 1 8 using a NAND interface manner 
by a NAND interface logic 28 of the memory controller 
54. Afterwards, the boot strapper 62 loads the read-out 
boot code to the internal RAM 63 through the internal 
system bus 13. 

[0055] A sixth embodiment of a boot system using a 
NAND flash memory according to the invention is illus- 
trated in FIG. 8. A controller 71 includes a CPU core 12, 
a local bus 75, a cache memory 73, a wrapper 72, an 
internal system bus 13, a memory controller 54, and a 
boot strapper 74. The wrapper 72 interfaces the local 
bus 75 and the internal system bus 13. The wrapper is 
preferably a software program or hardware which is ex- 
ecuted to selectively control access to or from the cache 
memory 73. The cache memory 73 is positioned adja- 
cent to the CPU core 1 2 for temporarily storing frequent- 
ly used data. The access time of the cache memory 73 
is shorter than that of the internal RAM of Fig. 7. 
[0056] In the case where the cache memory 73 is ac- 
cessed through the internal system bus 13, the boot 
strapper 74 delays or holds an operation of the CPU 
core 12 in response to a system initializing signal, and 
concurrently reads out a boot code stored in the NAND 
flash memory 1 8 using a NAND interface manner by the 
NAND interface logic 28. Afterwards, the boot strapper 

74 writes the read-out boot code in the cache memory 
73 through the internal system bus 13. 

[0057] In the case where the cache memory 73 is ac- 
cessed through the local bus 75, the boot strapper 74 
holds the operation of the CPU core 12 in response to 
the system initializing signal, and concurrently reads out 
the boot code stored in the NAND flash memory 18 us- 
ing the NAND interface logic 28. Afterwards, the boot 
strapper 74 writes the read-out boot code in the cache 
memory 73 through the wrapper 72 and the local bus 

75 . The system booting process employing the boot sys- 
tem according to the present embodiment is quicker be- 
cause of the shorter access time of the cache memory 
73. 

[0058] A seventh embodiment of a boot system using 
the NAND flash memory according to the invention is 
illustrated in FIG. 9. A controller 81 includes a second 
local bus 82 for transferring data between a cache mem- 
ory 73 and a boot strapper 74 A boot strapper 74 of FIG. 
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9 operates the same way as to the boot strapper of FIG. 

8. 

[0059] The boot strapper 74 holds an operation of the 
CPU core 12 in response to a system initializing signal, 
and concurrently reads out a boot code stored in a s 
NAND flash memory device 18 using the NAND inter- 
face logic 28 of the memory controller 54. Afterwards, 
the boot strapper 74 writes (copies, loads, and transfers) 
the read-out boot code in the pache memory 73 through 
the private bus 82. Subsequent operations, after storing 
the boot code in the cache memory 73, are the same as 
described for FIG. 6 except that the private bus S2 is 
used. 

[0060] An eighth embodiment of a boot system using 
the NAND flash memory according to the invention is 
illustrated in FIG. 10. A controller 91 includes a CPU 
core 12, a local bus 75, a wrapper 72 : a cache and boot 
strapper 92, an internal system bus 13, and a memory 
controller 54. The cache and boot strapper 92 is a boot 
strapper having a cache memory integrated therein. 
[0061] The cache and boot strapper 92 holds an op- 
eration of the CPU core 1 2 in response to a system-in- 
itializing signal, and concurrently reads out a boot code 
stored in the NAND flash memory 18. Afterwards, the 
cache and boot strapper 92 loads the read-out boot 
code to the cache memory therein through the internal 
system bus 1 3. Alternatively; the wrapper 72 can be set 
to lead the boot code through the local bus 75. 
[0062] A ninth embodiment of a boot system using the 
NAND flash memory according to the invention is illus- 
trated in FIG. 11 . A controller 101 includes a CPU core 
12, a memory controller 54, a copy logic block 105, an 
internal system bus 13, and option pins 1 06. The option 
pins are selectively coupled to a power supply voltage 
VCC or a ground voltage GND. According to the present 
embodiment, the controller 101 performs an initializing 
operation where a system memory is initialized by set- 
ting a mode register (MRS) (not shown) in the system 
memory 19. The MRS can be set by using the option 
pins 106. The MRS is preset to an operation mode of 
the system memory 19 to be used, e.g., a CAS latency 
or a burst length. For example, a size of data loaded to 
the system memory 19 in the NAND flash memory at 
one time is determined according to the burst length. 
The copy logic block 105 instructs an operation for cop- 
ying data such as [boot code,) operating system, or gen- 
eral data stored in the NAND flash memory 18 16 the 
system memory 19, and includes a sequence of instruc- 
tions for the controller 101 . According to this embodi- 
ment the boot code is not necessary and need not be 
stored in the NAND flash memory 18. An operation of 
the CPU core 12 is held in response to a system-initial- 
izing signal. Concurrently, the copy logic block 105 is 
set to store the data such as the operating system and 
the general data read from the NAND flash memory 18 
into the system memory 1 9. After the copy is completed, 
the CPU core 12 is activated and the operating system 
is executed in the system memory 1 9. The system 20 is 



then driven in response to the operating system. 
[0063] In such an apparatus 1 00, a system initializing 
operation for initializing the system memory 1 9 is com- 
pleted according to coupling information of the option 
pins 106. Since the process of copying a boot code to 
the controller is eliminated, system-booting speed is im- 
proved. 

[0064] A tenth embodiment of a boot system using the 
NAND flash memory according to the invention is illus- 
trated in FIG. 12. A controller 111 includes a CPU core 
12, a memory controller 54, an internal system bus 13, 
and a ROM block 115. Here, the ROM block 115 replac- 
es the copy logic block 1 05 of Fig. 1 1 . ROM data includ- 
ing a system initializing code and code for instructing 
data stored in the NAND flash memory 1 8 to be copied 
to the system memory 19 is prestored in to the ROM 
block 115. The ROM block 115 preferably comprises a 
mask ROM , a flash memory or the like. 
[0065] In response to a system initializing signal, the 
CPU core 12 is activated to carry out an initializing op- 
eration according to the system initializing code incor- 
porated in the ROM block 115 and to copy an operating 
system or general data stored in the NAND flash mem- 
ory 18 to the system memory 19. After the copy opera- 
tion is completed, the CPU core 12 is activated and the 
operating system in the system memory 19 is executed. 
That is, when the booting is finished, a system 110 is 
driven in response to the operating system. 
[0066] An eleventh embodiment of a boot system us- 
ing the NAND flash memory according to the invention 
is illustrated in FIG. 13. A system 120 includes a con- 
troller 121, a boot strapper 25, a NAND flash memory 
18, and a system memory 1 9. The controller 121 has a 
CPU core 12 ; an internal system bus 13, and a memory 
controller 14. According to the present embodiment, the 
boot strapper 25 is placed outside of the controller 121 
and is operatively connected to the controller 121 via 
system bus 17. 

[0067] In response to a system-initializing signal, an 
operation of the CPU core 12 is held, and the boot strap- 
per 25 concurrently loads a boot code stored in the 
NAND flash memory 1 8 to the internal RAM 26 through 
a system bus 17. Subsequent operations, after storing 
the boot code in the internal RAM 26, are the same as 
described for FIG. 2. 

[0068] A twelfth embodiment of a boot system using 
a flash memory according to the invention is illustrated 
in FIG. 14. A system 130 includes a controller 131, a 
flash memory 1 35, a system memory 1 9, and a system 
bus 17. The controller 131 has a CPU core 12, a first 
memory controller 133 with a NOR interface logic 29, a 
second memory controller 134 with a NAND interface 
logic 28, a selection circuit 1 36, and an option pin 132. 
The first and second memory controllers 133 and 134 
are selectively connected to the system bus 1 7 by the 
selection circuit 136 depending on a type of the flash 
memory 135. The option pin 132 is coupled to a power 
supply voltage VCC or a ground voltage GND. The first 
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130( 
operatirg system, 



memory controller 133 or the 
134 is selectively activated 
information of the option pin 
[0069] According to the 
flash memory 135 can be 
a NAND flash memory, or other 
flash memory is employed as 
first memory controller 133 
flash memory through the 
the system bus 17. In this 
troiler 133 interconnects th€ 
NOR flash memory using a 
manner within the first memory 
controller 131 of the system 
(e.g., a boot code, an 
ta) of the NOR flash memory 
is employed as the flash 
ory controller 134 is connectejd 
ory through the NAND interface 
bus 17. In this case, the 
interconnects the system 
memory, based on the 
through FIG. 13, using a NArjJD 
result the controller 131 of 
data (e.g., a boot code, an 
eral data) irrespective of a 
[0070] A flowchart showingjth 
code stored in the flash 
tion is illustrated in FIG. 15. 
FIG. 1 3, an initial state of a 
of the figures is an idle state 
[0071] In response to a 
boot strapper detects a 
width of a flash memory, and 
control signal for holding a 
trvely : the system uses a 
the CPU until a boot code is 
(step 151). 

[0072] The boot strapper rekds 
in the flash memory by the un t 
method described for FIG. 3 
boot code to an internal RAM 
troiler through a predetermined 

152). 

[0073] In step 153, the bool 
fer size of the loaded boot 
not '0\ the routine returns to 
[0074] If the transfer size 
stored in the flash memory is 
RAM, the boot strapper fin isrfes 
and activates the CPU of the 
[0075] According to the 
boot code stored in a flash 
ternal RAM inside or outside 
core operates. By the boot 
RAM, a predetermined opera|ti 
flash memory is copied to an 
1 9. After the copy operation is 
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second memory controller 
depending on the coupling 

to theVCC orGND. 
present embodiment, the 
r a NOR flash memory, 
memory type, if a NOR 
flash memory 135, the 
connected to the NOR 
interface logic 29 and 
the first memory con- 
system bus 17 with the 
conventional NOR interface 
controller 1 33. Thus, the 
can easily access data 
and general da- 
If a NAND flash memory 
1 35, the second mem- 
tothe NAND flash mem- 
logic 28 and the system 
memory controller 1 34 
17 with the NAND flash 
as described for FIG. 2 
interface manner. As a 
system 1 30 can access 
operating system, and gen- 
of the flash memory 1 35. 
le steps of loading a boot 
according to the inven- 
F eferring to FIG. 2 through 
strapper shown in each 
step 150). 

-initializing signal, the 
size : density, and data 
simultaneously outputs a 
of a system. Alterna- 
lier described) to hold 
jaded to an internal RAM 



out a boot code stored 
of page according to the 
and loads the read-out 
inside or outside a con- 
bus or interface (step 



cede. 



strapper detects a trans- 
it the transfer size is 
the step 152. 
s '0', i.e., the boot code 
all loaded to the internal 
loading the boot code 
system (step 154). 

booting method, a 
mjemory is loaded to an in- 
a controller before the CPU 
stored in the internal 
ing system stored in the 
external system memory 
completed, the operating 
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system is executed in a system memory 19. 
[0076] After all programs, files or data associated with 
the operating system are loaded to the system memory 
1 9, the system is driven from operating system from sys- 
tem memory 19. 

[0077] Having thus described the invention with the 
details and particularity required by the patent laws, it is 
noted that modifications and variation can be made by 
persons skilled in the art in light of the above teachings. 
It is therefore to be understood that changes may be 
made in the particular embodiments of the invention dis- 
closed which are within the scope and spirit of the in- 
vention as defined by the appended claims. 



Claims 



A system having a CPU core, a system memory, 
and an interface for communicating data therebe- 
tween, the system comprising: 

A NAND flash memory for storing at least a boot 
code; 

A boot strapper for coordinating transfer of con- 
trol signal to the NAND flash memory and re- 
ceiving the boot code from the NAND flash 
memory through the interface; and 
A RAM for storing the boot code accessed from 
the NAND flash memory, 

wherein booting of the system includes read- 
ing of the boot code from the RAM by the CPU core. 

A system according to claim 1 , wherein the boot 
code includes a system initialization program and a 
copy instruction program. 

A system according to claim 1 , wherein the boot 
strapper includes a NAND interface logic for inter- 
facing the NAND flash memory. 

A system according to claim 1. wherein the boot 
strapper includes the RAM for storing the boot code. 

A system according to claim 1 . wherein the RAM is 
external to the boot strapper. 

A system according to claim 1, further including a 
delay for delaying operations of the CPU core until 
the boot code is stored in the RAM. 



3. 



4. 



7. A system according to claim 6, wherein the delay is 
implemented by the boot strapper. 

55 8. A system according to claim 1, wherein the interface 
is implemented by a memory controller. 

9. A system according to claim 8, wherein the memory 



8 



15 



EP 1 343 082 A2 



16 



controller includes a NAND interface logic. 

10. A system according to claim 9, wherein the boot 
strapper includes the RAM for storing the boot code. 

11. A system according to claim 9, wherein the RAM is 
external to the boot strapper. 

12. A system according to claim 1 , wherein the RAM is 
a cache memory connected to the CPU core 
through a first local bus. 

13. A system according to claim 12, further including a 
wrapper for connecting the boot strapper to the 
cache memory. 

14. A system according to claim 12, further including a 
second local bus for connecting the boot strapper 
directly to the cache memory. 

15. A system according to claim 14, wherein the inter- 
face is implemented by a memory controller. 

16. A system according to claim 1 4, wherein the mem- 
ory controller includes a NAND interface logic. 

17. A system according to claim 1, wherein the boot 
strapper includes the RAM for storing the boot code 
and the RAM is a cache memory connected to the 
CPU core through a local bus. 

18. A system according to daim 1, further including a 
memory controller for controlling the NAND flash 
memory and the system memory through the inter- 
face and a system bus, wherein the interface in- 
cludes means for preventing access of the system 
bus by the memory controller and the boot strapper 
at the same time. 

19. A system according to claim 1 8. wherein the mem- 
ory controller includes a NAND interface logic. 

20. A system having a CPU core, a system memory, 
and an interface lor communicating data therebe- 
tween, the system comprising: 

A NAND flash memory for storing at least an 
operating system program; and 
A ROM for storing code for directing data stored 
in the NAND flash memory to be copied to the 
system memory. 

21. A system according to claim 20 ; wherein the oper- 
ating system program is copied to the system mem- 
ory upon initialization, and the CPU core executes 
the operating system program by accessing the 
system memory. , 



22. A system according to claim 21 , further including a 
memory controller for controlling the NAND flash 
memory and the system memory through the inter- 
face and a system bus, wherein the interface in- 

5 eludes means for preventing access of the system 
bus by the memory_controller and a boot strapper 
at the same time. 

23. A system according to claim 22, wherein the mem- 
10 ory controller includes a NAND interface logic. 

24. A system having a CPU core, a system memory, 
and an interface for communicating data therebe- 
tween, the system comprising: 

15 

A NAND flash memory for storing at least a boot 
code; 

A boot strapper connected to the NAND flash 
memory through a system bus for receiving the 
20 boot code from the NAND flash memory the 

boot strapper including a RAM for storing the 
boot code, 

wherein booting of the system includes read- 
ing of the boot code from the RAM by the CPU core. 

25. A system according to claim 24, further including a 
memory controller for controlling the NAND flash 
memory and the system memory through the inter- 

30 face and a system bus, wherein the interface in- 
cludes means for preventing_access of the system 
bus by the memory controller and the boot strapper 
at the same time. 

35 26. A system according to claim 24, wherein the mem- 
ory controller includes a NAND interface logic. 

27. A system having a CPU core, a system memory, 
and an interface for communicating data therebe- 

^0 tween, the system comprising: 

A NAND flash memory for storing at least an 

operating system program; 

A plurality of coupling pins for setting parame- 

45 ters of initialization; and 

A copy logic circuit for causing the copying of 
the operating system program into the system 
memory upon receipt of a system initialization 
signal, wherein the CPU core executes the op- 

50 e rating system program by accessing the sys- 

tem memory. 

28. A system according to claim 27, further including a 
memory controller for controlling the NAND flash 

55 memory and the system memory through the inter- 
face and a system bus, wherein the interface in- 
cludes means for preventing access of the system 
bus by the memory_controlIer and the boot strapper 
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at the same time. 



29. A system according to c aim 
ory controller includes a 



30. A system having a CPU 
and an interface for 
tween, the system compjrisi 



core, a system memory, 
communicating data therebe- 

ing: 



A flash memory for 
A boot strapper for 
trol signal totheflasr 
boot code from the 
interface: 



storing at least a boot code; 
coordinating transfer of con- 
memory and receiving the 
flash memory through the 



first and second 
selectively controlling 
and 

a selector tor 
the first and 
depending on 



31. 



A system according to cjaim 
memory is one of a NOR 



32. A system according to 
memory controller includes 
and the second 
interface logic. 
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28. wherein the mem- 
NAND interfacejogic. 



memory controllers for 
the flash memory; 



selecting 



S€ cond 



itre 



operation of one of 
memory controllers 
type of flash memory. 



30, wherein the flash 
i ind a NAND flash memory. 



qlaim 31 , wherein the first 
a NOR interface logic 
memory Controller includes a NAND 



33. A system according to cl aim 30. further including a 
RAM for storing the boc t code received from the 
flash memory. 

34. A system according to 
tor includes a select pin 
one of the first and 



cltim 30 ; wherein the selec- 
for selecting operation of 
memory controllers. 



second 



35. A method of booting a 
CPU core : system 
ler, the method comprising 



c imputing device having a 
memqry, and a memory control- 
the steps of: 



upon receiving the system 
holding the CPU cor 
completion of the ste p 
code from the NANp 
RAM. 



in a NAND flash memory: 

itializing signal; 

:ode from the NAND flash 



initializing signal; 
3 from execution until the 
of transferring the boot 
flash memory into the 



10 



37. A method of booting a computing device having a 
CPU core, system memory, and a memory control- 
i ler, the method comprising the steps of: 

setting initialization parameters through at least 
one coupling pin; 

receiving a system-initializing signal; 
transferring from a NAND flash memory an op- 
erating system program to the system memory; 
executing by the CPU core the operating sys- 
tem program from the system memory. 



38. A method according to claim 37, further including 
the step of setting a mode register in the system 

'5 memory using the initialization parameters from the 
at least one coupling pin before the step of execut- 
ing the operating system. 

39. A method of booting a computing device having a 
20 CPU core : system memory, and a memory control- 
ler, the method comprising the steps of: 



p restoring an operating system program in a 
NAND flash memory; 

prestoring data in a ROM, the data includes 
control data for causing data transfer from the 
NAND flash memory; 
receiving a system-initializing signal; 
causing transfer of the operating system pro- 
gram from the NAND flash memory to the sys- 
tem memory using the control data from the 
ROM; 

executing by the CPU core the operating sys- 
tem program from the system memory. 



30 



35 



40 



prestoring boot codejii 
receiving a system- 
transferring the boot 
memory to a RAM; 

executing by the CP(J core the boot code stored 
in the RAM. 

36. A method according to <jlaim 35, further including so 
the step of: 



40. A method according to claim 39 : further including 
the step of: 

upon receiving the system initializing signal; 
holding the CPU core from execution until the 
completion of transfer of the operating system 
from the NAND flash memory into the RAM. 
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